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ABSTRACT 


The cultivator, being one of the most common cultivating 
implements in Canada, was selected for field testing to obtain 
information on (a) the application of forces on the cultivator chassis 
and (b) the analysis of forces. 

The project was divided into two parts. The first part 
included (a) the decision about the number of forces acting on the 
chassis (static and dynamic conditions), (b) design and calibration of 
transducers to sense the forces, and (c) instrumentation. The second part 
consisted of (a) testing of transducers in the field, (b) collection of 
data, and (c) analysis of the forces. 

Field tests were conducted at the Ellerslie Research Farm 
of the Department of Agricultural Engineering, University of Alberta. The 
variables studied in the project were depth, speed, cutting unit, bulk 
density, and daily moisture content variation in the field. These variables 
were used in testing the hypothesis that the forces acting on the chassis 
were in equilibrium. Reasonably good agreement in force balance was 
obtained. A moment balance of the forces could not be obtained in most of 


the cases and required more accurate values of all the forces. 
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In describing the. forces.and their behavior, two variables 


(depth and speed) were studied. and the following conclusions were 


drawn: 


‘ 


An increase in depth or speed increased the horizontal 
component of soil force. However, an increase in depth 
had far greater effect than an increase in speed. 

The vertical component of the resultant soil force varied 
directly with depth. The direction also changed (downward 
to upward) at shallow depths (less than 4 in.). The 
relation between speed and vertical force was significant 
only at 6 in. depth. 

Correlation between the ratio of vertical to horizontal 
components of resultant soil force and depth was highly 
Significant and a second degree polynomial was used to 
represent the relationship. 

A small increase in the total draft generally resulted in 
a decrease in wheel Ha sete Bh and an increase in vertical 
force on the hitch. However, a much larger increase in 
the draft had just the opposite effect on the wheel re- 


action and vertical force on the hitch. Increased wheel 


-Slip.and wheel sinkage altered the tractor-cultivator 


geometry resulting in a decrease in the vertical force on 
the hitch. Momentary maximum values of three times the 


average values were obtained. 
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Chapter. 1 
INTRODUCTION 

An implement or a tool operating in the soil represents a complex 
system. Prediction of the system's behavior and performance is difficult 
because a large number of variables: are involved in tilling the soil 
(a major component of the system). Further, to study the behavior of an 
implement under dynamic conditions, the relation between forces applied 
to the soil and the resultant soil reaction should be established. 

Early research was based on the trial and error method. Sound 
knowledge of soil mechanics was lacking. With increased development in the 
knowledge of soil mechanics, research on the reactions caused by 
mechanical forces applied directly to the soil progressed. Many researchers 
tried to establish a soil-tool interaction system. Complex empirical and 
functional relationships of soil-tool systems developed to predict forces 
acting on a tool, however, the number of variables involved restricted 
their practical use. Other researchers attempted to formulate simplified 
equations using measurable soil parameters (Sirohi, 1967). Simplification 
increased primary limitations and the accuracy with which the soil 
parameters were measured showed greater probability of variation due 
to the measuring device and the manner of use. The cultivator chassis 
mechanics, investigated in this project, was not an exception to the 
above mentioned limitations. In the words of Gill and Vanden Berg (1967), 
"A partial mechanics can thus be both valid and useful if its limitations 
are known." 

Nag il Historical Background of Soil Tillage and Cultivators 
Tillage has been regarded as the first operation in agriculture. | 


About twelve thousand years ago, land.cultivation was started for food 
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2 
and fiber (Wells, 1921). Tools were crude and made of stone and wooden 
pieces. Man had not learned to harness animals. Thousands of years 
passed without much development. Slowly and slowly man's sphere of 
knowledge started increasing through experience and observation. The 
need for more food and fiber necessitated the use of better tools. 

According to the United States Bureau of the Census (1860) the 
original Pimemvares was, like the original plough, simply : hooked stick. 
This in time was developed into the hoe, and remained the common 
cultivating implement until the nineteenth century was well advanced. 
Tillage practices were categorized into primary and secondary phases 
and the cultivator was classed as a secondary tillage implement. 

The depression of the 1930's was accompanied by a prolonged period 
of drought and high velocity winds causing soil drifting in the prairie 
regions of canada. This induced farmers and researchers to dry different 
implements and then select one - an answer to this problem. This search 
resulted in the development of the wide-blade cultivator. '"'The drive to 
mechanize grain farming was intensified in the 1940's,and ie brought 
about noteworthy changes in equipment. The chisel plough, originally 
introduced as a deep tillage cultivator, was re-equipped with sweeps and 
was used as a heavy duty cultivator to replace the stiff-shank duck foot 
machine" (Anderson, 1967). Improvements have continued and today 
farmers can purchase several types of cultivators each designed for a 
different kind of field operation. 

Looking into the reasons for adaptation, three factors were possibly 
responsible for the shift: 


(a) Necessity for stubble mulch management, 
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(b) The limiting tendency of the tillage practice beyond 
Which the extra investment (tilling the land) does not 
pay the equivalent return (yield of crop) (Baver, 1963), 
Ce) The lower draft requirement of cultivators in comparison 
to ploughs. 
phee nurcpose gendyocOpemc,, tps seotiudy. 

Two possible approaches appeared to be suitable to investigate 
the chassis mechanics of a cultivator. First, evaluation of parameters 
(mechanical, soil, others) under controlled laboratory conditions; 
second, testing the chassis mechanics out in the field. Available 
information on field testing was limited, therefore the latter approach 
was selected for investigation. .The study was designed to investigate 
the following: 

Gipmebo CUdyeOt at be stonvcessacting onethe achassis,, 

(ii) Chassis force balance under dynamic conditions. 
Transducers were designed and fabricated to sense the forces an 
reactions on the cultivator chassis. Effect of operational depth, speed, 
bulk density and daily moisture percentage variation of the test plot, 
and the type of cutting unit om the chassis forces. were investigated. 

Limitations and unavoidable assumptions were scrutinized before 
proceeding with the investigation. Despite limitations in the field test 
techniques, it was felt that the investigation would provide valuable 


° 


knowledge for agricultural engineers engaged in farm machinery research. 
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Chapter. 2 
REVIEW OF LITERATURE 

"Engineering aims at supplying the farmers with as good as 
priceworthy tools and machines.as possible. If the designer considers 
how these two requirements are to be met, his reflection will always 
begin with the forces acting on the machine components. The quality, 
durability, and priceworthiness will depend on the degree to which it 
has been possible to make it resistant to these forces." These words 
spoken by Kloth (1936) are still valid today. 

2.1 Components of a Tillage Implement 

Trailed type implements receiving support through their wheels 
have three bearing units: cutting, transport, and hitch. Ploughs and 
cultivators have much in common in terms of the number of forces acting 
on the bearing units in three planes. A basic difference existing 
between the two is the absence of side force from the cultivator bearing 
Ties. 

The review of literature presented here has tried to cover only 
the developments and research which pertain to this investigation. 
2pieleecuicans Unit. 

Nioie and Reed (1934) observed the fundamental characteristics 
of the action of mouldboard ploughs and found a phenomenon of repeated 
failure of soil by shear. Formation of a wedge ahead of the shear 
point, deve lopment of primary and secondary planes, and subsequent 
upward lifting of the soil block are the causes of shear failure... 

Clyde (1937, 1944) pioneered much,of the early research in 
measuring forces on tillage tools. A tillage.meter was used to measure 


the six forces.required.to.restrain. the six degrees. of freedom of a 


me) A 
7 
$ peg 
4 
-4irk ® 
fs. & Te WECVEN im 
. rs 
: ‘ “e-2 ' i ae _ 
‘ i 
‘ ~ i 4 au 
° 
ri T v7 
- 
oy 
F 
. ” 
. ‘3 
, ‘ 
* , g = 
* J ; ‘ t 7 } Lit Se 


+ or" 
at NPT WA i j > Save 
ad) e oe a : a rm mt fine 
ttm pee 


Gelte Met atni' oymidaiends .@ (vt <j 


- barges io jaineis: © baie fe etoile eetdlas S wt ee 

es 2 do Suscn eghen & Sp enirarwd  .wete ow Boe ic 
ny ' ; 

> 


- = — > tee 


cutting unit. The restraining forces were vectorially combined to 

locate the line of action of the resultant force acting on the cutting 
unit. The resultant force (total soil effect) studied was assumed to 
consist of components perpendicular to the surface, frictional force 

in the direction of soil movement, friction drag on the underside of 

the cutting unit, if any, and rolling resistance of wheels. However, 

the location of any one component was not evaluated and an attempt to 
determine the combination of forces causing the total effect on the cutting 
unit was not done. Field tests indicated that the value of the 

resultant force was variable for the same depth and speed. 

Soehne (1956) analysed tillage action and arrived at the 
conclusion that four simple behavior equations can describe the soil 
BOOlmeystemeeesoil-metal friction shear failure, acceleration force 
for each block of soil, and cutting resistance. A primary assumption 
was that the forces acting on a tool took place on a stationary plane. 
Equilibrium conditions were assumed to develop mathematical equations 
to evaluate draft and vertical force on an inclined plane tool. 

Kawamura (1957) used yielding by shear as a behavior criterion to 
develop the mechanics. Coulomb's equation was used to represent this 
criterion: 
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where C = cohesion, 
¢ = anglé of internal friction, 
o = normal stress, and 


t = shear stress 


Total shear stress on the failure surface was calculated by considering 


the mass of the soil, the shear failure stress (ignoring the magnitude 
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of the normal stress), and the.weight of the soil. Equilibrium 
conditions then permitted determination of the draft component. A 
Simple inclined tool operating at various depths and lift angles 
(angle of inclination) showed that a minimum value of the draft occurs 
at @ lift angleVor about 25° for shallow operating depths and about 
15° for deeper operating depths. 

Payne's (1956) investigation and development of the mechanics to 
calculate the draft force was based on two behavior equations: soil 
failure by shear, and soil-metal friction. The concept of wedge 
formation (Figure 1) was used to explain the system and forces acting on 
a simple inclined tool (Figure 2). From equilibrium conditions of forces 
acting on the tool, two equations were used to predict the draft and 
ant ical force: 
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where 
Dy = adhesion force acting on the tool, 
De = resultant of normal and frictional forces acting on 
the back side of the wedge, 
Ba = cohesive force (acting at the bottom surface of 
the wedge), 
§ = angle of soil-metal friction, 
B. = resultant of normal. and frictional forces: (acting 


on the bottom surface of the wedge), 
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The angles 6 and $ are dynamic soil parameters that can be measured 


but the remaining unknown parameters must 


relations. 


A mechanics of pure cutting which 


failures other than separation of soil from the tool was developed and 


erg eso imcernal tri ction, 

inclination of Be to. the. vertical direction, 
cohesive force acting on the side of the wedge, 
angle between the direction of travel and the 


projection of S > inwa horizontal planes 


C 


angle between horizontal plane and Bas 
resultant of normal and frictional forces acting on 
the side of the wedge, 

force resulting from the shear failure of the two 
fronts (Figure 1) and acting on the leading edge 
of the wedge, 

direction of T from the direction of travel, 


angle S, makes with the horizontal plane, 


R 


angle between the normal to the side of the wedge 


and the horizontal projection of S, in the horizontal 


R 


plane, 


weight of the wedge. 


Cossi0 Dp (equation 2) was the draft of the cutting unit. 


tested by Kostritsyn (1956). The draft equation developed by 


Kostritsyn was: 


be determined from other 
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Pigure 1: The nature of soil failure for soil reaction to a narrow 
wertical tillage tool. 
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6 = Litt engle of the tool, 
N. - Normal load, 


O 
Po - Area of inclined tool, 

C - Soil-metal adhesion, 

a 

u'-= Coefficient of soil-metal friction. 


Figure 2: Free body diagram showing forces acting on a simple cutting tool. 
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where 

P }= total draft on ane. ane, 

Po = component of resistance resulting from the normal 
force on the wedge of the. cutter, 

P, = component of resistance resulting from the. . 
tangential force on the wedge of the cutter, 

P. = component of resistance resulting from the 
tangential force on the side of the cutter. 

Kaburaki (1959) studied a tool representing a half sweep. The 
data from these tests were used to predict the influence of lift angle, 
included angle, width of cut, width and depth ratio, and tool speed 
on the draft. 

Dransfield et al.(1964) extended the work of Payne and studied 
the effect of rake angle, bulk density, moisture content, and speed on 
the soil-tool system. Field tests indicated that the magnitude of 
vertical force and draft was reasonably constant for the same functional 
parameters while the magnitude of vertical force changed considerably 
in compacted soil. 

Reaves (1968.) investigated the feasibility of similitude technique 
in performance studies of soil-chisel. systems. A distorted model 
system was used and tested in a wide range of soils and soil conditions. 
A relationship between distortion and prediction factor was established 
empirically to predict the performance of a prototype. 

Sirohi (1967) applied the technique of Reaves to study different 
sweep design and operational parameters.. The draft was expressed. as 
a function of: 
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where 
D= draft, 
v = velocity, 
g = acceleration due to gravity, 
h = operational sweep depth, 
1 = Bulk volume weight, 
p = resistance of soil penetration, 
Ww = width of sweep, 
a@ = approach angle of sweep, 
B lift angle of sweep. 
Six independent pi terms were selected and studied to predict sweep 
performance. Field tests were conducted to permit evaluation of four 
different types of relations: draft as a function of width at constant 
Values of @ and 6B; draft as a function of 8 at constant values of 
width and a, and draft as a Biante of operational variables h and w. 
Tests indicated that the minimum draft occurs at sweep sliding angles 
between 12 and 16 degrees. The horizontal component of the frictional 
force was 20% of the total draft and the normal force on the surface of 
the sweep was a function of the vertical and horizontal forces. 
Luth and Wismer (1969) applied dimensional analysis techniques to 
analyse the soil-blade system. Variables were: 
F., = horizontal component of blade reaction, F 
F_ = vertical component of blade reaction, F 
n = blade length, L 
b = blade width,. L 
Z = blade operating depth,. L 


a = blade angle, (radians) 
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yw = coefficient of soil-metal friction, 


¢ = internal friction angle of soil, 


8) --accelerationi duel tot gravity, LT? 
The resulting prediction equations were: 
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The equation for vertical force indicated that blade angles less than 
65° from the horizontal resulted in a downward vertical reaction and angles 
greateri than 65° from the horizontal resulted in an upward vertical reaction. 
Tests were conducted with artificial soils under controlled laboratory 
conditions. Standard error of estimate expressed as a percentage of the 
mean was thirteen percent for vertical and horizontal forces. 

Fornstrom et al (1970) in a new approach to the application of soil 
mechanics, developed a set of phenomenological equations assuming that 
the tillage tool interaction with a bounded soil is a nonequilibrium 
process. Field tests indicated that random force fluctuations have an 
autocorrelation and the process is an irreversible one having Gaussian 
distribution. 
2. leeeel Transportiwheel. 


The transport wheel considered here operates off the road and the © 
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mechanics differs from a wheel. operating on the road. On soft ground 
the wheel. sinks.in, and in effect continually’ tries. to.climb an incline. 
Torque input to the wheel is zero and the horizontal force acting on the 
axle of the wheel represents the force required to tow the device in the 
medium with the load carried (Gill and Vanden. Berg, 1967). The reaction 
between the wheel and soil consists of elementary stresses in the 
contact area. These stresses having different magnitudes and directions 
can be added to represent a single soil reaction force (illustrated in 
Figure 3) as experienced by the wheel (Persson, 1967). 

The resultant soil reaction force can be divided into vertical and 
horizontal components. The basic laws of mechanics states that the soil 
reaction force together with other forces acting on the wheel have to be 
in equilibrium. Therefore, the vertical component of the soil reaction 
force will balance the dynamic weight acting on the wheel and the horizontal 
component of soil reaction, the rolling resistance, will balance the force 
acting on the axle wf the wheel. 
aga! Hitcn® fink 

When the tool is symmetrical sideways and the side forces are 
balanced, the weight of the implement which acts at the center of gravity, 
the pulling force which acts through the point of hitching, and total soil 
resistance on the tool are in the same plane and no couples are present 
(Glyde; 1935): For’the cultivator, side forces “are balanced, theretore 
the forces in the vertical plane only need to be considered in analysis 
(Clyde,.1970). 

The hitch link of a cultivator (illustrated in Figure 14) is a system 
in eee The forces acting under dynamic conditions must meet the © 


requirements for equilibrium; the algebraic sum of the forces in any 
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Figure 3: Transport wheel. 
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direction must be equal to zero. The two forces acting in the 
horizontal plane, pull exerted. by the tractor drawbar, and total soil 
resistance supplied by the chassis must be equal and opposite. The 
dynamic part of the total weight of the cultivator acting at the hitch 
must be equal and opposite to’ the drawbar reaction. 
aoe ‘Chassis 

Systematic research on tillage implements was started by Clyde 
in 1934. Proper hitching and draft requirements of an implement were the 
Main objectives. The forces acting on an implement were divided into four 
fundamental groups: weight of implement, pull, soil reaction, and 
inertia (Clyde, 1935). The inertia, which enters in when starting, stopping 
and striking obstructions ,was neglected in uniform motion force analysis. 
Stable operation of an implement in the field indicated that the dynamic 
forces acting on the chassis, at any moment, are in equilibrium. Therefore, 
the three forces must meet the requirements for equilibrium and the sum of 
the forces in any one direction must be equal to zero. In addition the sum 
of the moments about a point must be equal to zero. 

Field tests conducted at the Pennsylvania Agricultural Experiment 


Station by Clyde (1935) provided the following information on chassis 


mechanics: 
(2) The forces on implements conform to the common laws of 
mechanics for equilibrium of forces in space. 
(Gi) The soil reaction on the working face and edge of sharp 


chisel-shaped tools apparently always has some downward 
components when the ground is moist. The effect of dry 


soil in this connection was not investigated. 
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(iii) A shorter and.steeper hitch to the tractor would transfer 

more load from the plough axle to. the tractor. 

Bainer et al. (1955). pnovided a vector solution of a trailed type 
implement receiving vertical support only through wheels. The vector 
solution used Clyde's work to. combine all forces (dynamic) and assumed 
uniform motion and equilibrium of the forces acting on the chassis. 

Moller (1953) studied the draft requirements and working 
efficiencies of rigid and spring cultivator tines. The investigation was 
primarily concerned with the performance of tines in the field and did 
not provide much information on the forces (magnitude, direction) acting 
on a chassis. The draft requirements of rigid and spring tines in 
different soil and soil conditions were studied thoroughly and tested in 
the field to evaluate the effect of vibration on the working efficiencies 
of tines. 

Coleman (1969) suggested that the weight transfer from implement 
to tractor on rigid frame tillage tools such as a field cultivator depends 


on the dominant term "1 | 


d, Pe 
where Ay = height of hitch above line of action of 
horizontal soil force, 
dy = horizontal distance from hitch point to 
transport wheel ground contact, 
Pe Grait. 


The term was obtained by taking moments about the point of the transport 
wheel. ground contact and equilibrium conditions were assumed.to. exist for 
stable operation of an implement.. 

The forces.acting on a chassis (illustrated in Figure 4) obey the © 


equilibrium laws and the sum of forces in any one direction must be ~ 
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equal to zero. A cultivator has no side force and hence,.the problem 
is reduced to a planar rare ene Ieee Working with 7 BESS 
having many cutting ict the: total:.soil effect (resultant soil 
reaction) can replace.all the reaction components: and the line of 
ecalon of the resultant soil eben: ee be obtained experimentally. 
2e3 “Diseussion ‘on ‘Literature . 

Development of mechanics, Nee ean ard field tests cited 
in the review of literature are the Saying ae available which 
give some insight to the problem. "The partial mechanics used in the 
past studies is restricted and occasionally based on questionable — 
assumptions" (Gill and Vanden Berg, 1967). Shortcomings in the past 
studies do not detract from the fine effort made by the researchers. 

In fact, the analytical approaches have demonstrated the use of 
mathematical treatments and equilibrium Sree to develop a set of 
equations. These equations were tested in the field or laboratory to 
obtain approximate values of the forces acting on a tool. 

Recent development of non-equilibrium processes as applied to 
tillage-tool interaction has provided another approach in the eon 
of soil mechanics. More work and field tests are needed to increase the 
usefulness and scope of this approach. 

Some of the data available from the past research are given here: 
is Data available from Clyde's (1935) investigation on cultivator 


shovels. 
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Table 2.1. Soil force on a sharp 2 in. shovel in Hagerstown heavy 
silt sloam:. 
Test Moisture Depth Draft (L) Vertical V/L Specific 
No. Content in. lb. Force (V) Ratio Gravity 
ib. eaylon 

70 iS eye) aisca®) 1O'3S Bip tl tlhe be: 
tial aie Wes) 2.00 lees. 1320 ee 12206 
a2 US es) 3.50 41.3 14.4 0.34 L0G 
73 Msgs 4.75 114.5 38.8 0.33 1.205 
74 AS) See 4.00 74.0 2050 Oot 1.206 
Tt, Wes 8) ches) cErae Deu 0.14 deo 
78 or 2200 Howe) 14.0 0.48 Jn238 
19 on ES 40.0 Sole 0.24 1.238 
80 hoard Shad ie) 72e0 Dare 0.30 i200 
81 igs fs! 4.00 Gis3 31.3 0.34 15238 
82 Aas hae: 5.00 108.0 3250 0.30 da2ss 

Note: 

(i) Information about the speed of test cultivator was not 


provided. 


(ii) Forces. (L,V) were based on the average of seven similar 


shovels. 
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he Data obtained from Sirohi's (1967) investigation. 


eo tenes tece Of speed.on vertical force, drattsand V/L-xratio at 


constant depth and soil (sand) parameters. 


Sweep No. Speed. Vertical Draft (L) V/L 
mph rorcesGy)¥’ 1b. Ratio 
1b, 
us thee less) 30.0 0.42 
Pale) Le Ae, 30.5 0.39 
3.0 14.0 32.0 0.44 
4.0 ilsyale) 36.0 0.42 
4.5 teers) 37.0 0236 
2 ibys 6.0 3230 C5 es) 
3.0 BO 42.0 02.20 
4.5 10.0 45.0 0.22 
3 ee) 2060 H1.5 O5 28) 
3.0 24.5 46.0 On03 
Bas Tas) ee SS Oe0 
Ue Ue 24.0 70 0.34 
3.0 he te) ey fs) Om50 
4.5 34.0 68.0 0.50 


~_—— SS 


Table 2.3. Effect of depth and speed on vertical force, draft, and V/L 


ratio on sweep No. l. 


Speed Depth Vertical Draft (L) V/L 

mph in. Force (V) ibis Ratio 
1b. 

2 2 24.0 45.0 0.53 

3 SOR8 64.0 0.78 

ue 68.0 85.0 0.80 

4 2 24.0 46.0 Ono 

4 50.0 GSe0 Ov 2 

6 hi oD TER 0.74 


Note:. Data on other sweeps were not available. 
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Chapter. 3 


EXPERIMENTAL PROCEDURE 
3.1 Pertinent Variables Séléctéed. for ‘Study 


The.selection of variables of a physical system was an important 
decision. The two major factors governing this decision were: 
ib the difficulties in practicing control 
measures in the field, 
2 ie Valtdity or results. 
Considering these factors, the variables studied were: 
(a )e aco (i) moisture content, 
Cine bulk=density , 
(b) Others (i) operational depth, 
(ii) operational speed, 
GLI) typevor cutting unit. 
3.2 Equipment 
Sea Equipment used to measure forces on the chassis. 
Forces acting on the chassis were: 
(a) draft (P.,)> 
(b) vertical force acting on the hitch (Py), 
(c) wheel reaction (W,), 
(d) horizontal force acting on individual 
cutting unit (4), 
(e) vertical force acting on individual 
cutting unit QV 


(£) rolling resistance of the wheels (RAR. Ds 


The equipment used in this study consisted of the following: 
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Test Cultivator: International Harvester Company 55 
Chisel Plough 13-foot basic with two-foot extension 
equipped with 6.70-15 tires. Three types of cultivator 
shovels were used in the field tests. These were: 
Cajeelog ims higneture sweep . 

(Bylo in. lowelitt sweep: 

(ey 2 ins chisel points 

Additional information is given in Appendix A. 

Pulling unit: International Harvester Company Farmall 
756 diesel tractor equipped with 6.00-20 front tires 
and 15.5-38 rear tires. 

Hitch force transducer: The transducer was designed to 
replace the hitch link and work as both a horizontal 
and vertical force transducer. Two strain gauge 
circuits (Wheatstone bridge type) were used to sense the 
two forces (draft and vertical) independently. Proper 
orientation and location of gauges helped to minimize the 
effect of undesirable forces (Appendix A). 

Wheel reaction transducer: One of the original links 
joining the rockshaft and wheel brace was replaced by a 
transducer sensing dynamic weight acting on the wheel. 
The strain gauge circuit (Wheatstone bridge type) of 
the transducer was free from forces acting in any 
direction except the vertical (Appendix A). 


Shank force transducer: The transducer was designed to 


sense the resultant force acting on a cutting unit. The > 


ultimate object was to .resolve the resultant force into 
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its vertical and horizontal components. Two possible 
approaches appeared.to.be suitable for this purpose. 

First, a shank could be redesigned and simplified such 

that the direct measurement of horizontal and vertical 
components of the resultant force acting on the shank 

is possible; second, two strain gauge circuits could 

be used at two different places on the original shank. 
Location of the two sets of gauges giving two different 
deflection values of the same resultant force (for 

equal amplification and galvanometer sensitivity) could 

be used to form simultaneous equations. Further, the 
Simultaneous equations could be used to obtain the 

value of component forces. To simulate field use, the 
latter approach was selected for this project. The two axes. 
selected on the shank for setting strain gauges were (a) 
maximum curvature and (b) horizontal portion. These locations 
are shown in Figure 5a. 

Recording equipment: A 6-channel ultra-violet recording 
system, type SE.3006 (illustrated in Figure 6 ) was used to 
record forces sensed by re three transducers. The recording 
system consisted of a paper supply and control, circuit 


balance, amplifiers, filters, galvanometers, and ultra-violet 


recording units. The recording paper employed (Kodak Linagraph 


Direct) Print, Paper, 6 °in.) x 1125 ft.) was) light. sensitive “and 
produced visible traces when exposed to ultra-violet light. 


Dillon dynamometer: Serial AN 1230, Capacity 2500 pounds. 
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The dynamometer was used to measure the rolling resistance 
of the cultivator in conjunction with an auxiliary unit.: 
The auxiliary unit (Figure 5b) was fastened on the drawbar 
and served two purposes: | 
(a) A smooth sliding contact surface to provide 
flexibility in movement (lateral and longitudinal) 
of the cultivator hitch point. 
(b) To keep dynamometer free from the effect of 
verticalerorcesactingson the hich. 
8. Portable Power source: Kohler electric plant, Model 
leone Zo, SerlecsmoZo0300. Le00erpin, 1250 watts. 120 
volts at 60 cycles per second. 
In addition to these pieces of equipment,a set of five fifty-foot 
shielded cables were used to connect five 5-pin male connectors to 
the recorder installed on a half ton truck. The truck was outfitted 
with a shade protection for the recorder and thus served as a mobile 
instrument vehicle (Figure 6 ). 
3.2.2 Equipment used to measure soil parameters, depth, and speed. 
1. Soil sampler: Small.tin cans were used to keep soil samples 
for weighing and oven drying. 
Ae Core sampler: The core sampler used to measure bulk 
density of test plot consisted of two cylinders fitted 
one inside the other. The outer one extended above and 
below the inner to accept a hammer at the upper end and 
to form a cutting edge at the lower. The inside cylinder 
was the sample holder. The inside diameter of the two 


cylinders when nested were essentially the same at the 
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Figure 5a: 


Figure 5b: 


Laboratory calibration of shank force transducer showing: 
(a) Strain gauges on the horizontal portion of the shank, 
(b) Strain gauges on maximum curvature of the shank, and 


(c) Load applying device on the sweep. 


A device used in rolling resistance measurement showing: 


(a) drawbar connection 


(b) dynamometer connection,and 


(c) platform to support cultivator. 
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Figure 6 
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view of the instrumented cultivator, 
instrument vehicle. 
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lower. end, the inner.being fitted against a shoulder 

cut on the inner. surface of the outside cylinder. 

Proving ring penetrometer: A proving ring penetrometer 

of the cone type was used to measure the penetration 
resistance of the test plot soil. The instrument consisted 
of a T-handle, one 18 inch penetration Pod one three foot 
extension rod graduated every six inches, one proving 

ring of 250 pounds capacity with dial indicator, and a 
removable cone point. The base area of the 30° circular 
stainless steel cone was 0.2 square inch. 

Depth measuring instrument: A simple, handy and manually 
operated depth measuring ae was fabricated in the 
Agricultural Engineering workshop of the University of 
Alberta. The instrument (Figure 7 ) consisted of (a) 

a rectangular iron plate (8 in. x 6 in. x % in.) heavy 
enough to compact the cultivated portion of the soil to 
the original elevation when dropped from a set height 

for a definite number of times, (b) a 1 in. hole bored in 
the center of the plate and a pipe 4.5 ft. long and 1 in. 
diameter welded in the hole, and (c) an iron rod of 5/8 in. 
diameter, 6.5 ft. long used as a guide for the plate and 
pipe unitwand as an indicator of depth an the field. The ~ 
rod was marked in inches at the upper end. 

Stopwatch: A stopwatch, readable up to 0.1 second, was 
used to record time taken by the cultivator to complete 


thee cUm item VU Leng Ui.) 


a«bisate 6 jriiegs Bets asled tant ait has rind 
= = © 
oubniive eblatue oft 26 Sane iene aay co as 


oe ; 

gives 4 ites tong gale gatvett ; 
creer of Gig @a* ney anon ed? to 
nl’ Lice tcig esr wit Saher etess 
at aise rocks a! sn -stvend-'t & to 
is ..& Beseubora bert Siienetxe 


iol tin wrtomges ohageg OFS So gat: 


een 2d off .thiog saeg, Sidsvonry 
pp ean ee 4 Sey 2ca> (aere geplinist2 


, lamt= & | iitiearetect grigvenen digs 
ca 2200GR galeveea (igqeh besesege 


( ad> iq yefetidew prfeworthget Laws Lio btgh 
w) 
ino | tought) apeiizeniced? = .ntredia 


i 21 7) -o2n.bG eeett wadogendort S 


ret balivitioe edd topgqeeae of tyvoce 


wo? Spy’ cp nereeals Lanlylso sd® 


¢ 


vt te (4) [ooMh Os edited GeinPis’ s 10? 


wil £4, Pit only. & att cddlap $2 Yo “esaso oft) 
\2 tu So¢-cons po (co) Be, Cen lh ih Astle rotons Eb. 
i s 


bes otsdy sf vad ali & ee hres 
wo? hlelYusdy 2} dzqel Ae 


. ney a 
a 2 = _ i 
: 5 DY? Be 
ia ih ‘i, 
_y. ca : 


2 


Tos 


28 


Figure 7a: Depth measuring device. 


Figure 7b: Cutting units: (a) 15% in. high lift sweep, (b) 2 in. chisel 
point, and (c) 16 in. low lift sweep. 
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6. Tape measure: A 100 ft. tape, readable up to 0.25 
in., was used to measure coe lene tn ot 6 un. 
3.3 Calibration of Equipment 
A. Ultra-violet” recording ‘system. The voltage supply to 
transducer circuits was maintained constant throughout the 
tests. A calibration resistor shunted across one arm of the | 
bridge produced a simulated strain resulting in a certain 
_galvanometer deflection on the recording paper. The 
galvanometer deflection for a constant voltage supply, was 
governed only by the type of galvanometer and amplification 
selected. To overcome drift a predetermined calibration 
deflection was selected for each circuit and maintained by 
amplifier adjustment. 
Bee Calibrat ton oF lransducers. 
Pa ince ll stuonsdicen wes Inemrrensdicer, shavings two 
independent circuits for vertical and horizontal forces, 
was calibrated separately for each circuit. In the beginning 
of calibration, repeated vertical and horizontal loads were 
applied on the transducer to minimize the hysteresis effect. 
(2). .Vertical force circuit: Vin field operation there was 
virtually no vertical movement of the transducer 
attached to the drawbar of the tractor. To simulate 
field loading Conditions, a Lest jig was constructed 
to keep the drawbar (yoke) end of the transducer 
fixed and allow vertical loading at the cultivator 
end. Both circuits (vertical and horizontal forces) 


were connected to the ultra-violet recorder and 
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load was applied by a Baldwin universal testing 
machine. Figure 8 shows the calibration curve 
obtained. The circuit for horizontal loading did 
not give any output for vertical load, and hence © 
the circuit was free from the effect of vertical 
force acting on hitch link transducer in the field. 
(ii) Horizontal force circuit: Horizontal (axial) loading 
condition was simulated with a fork having an inside 
clearance equal to the width of the transducer 
(cultivator end) and a flat iron piece equal in 
thickness of the drawbar of the tractor (drawbar 
connecting end of the transducer). Both circuits 
(horizontal and vertical forces) were connected to 
the recorder and axial load was applied by the 
Baldwin Universal testing machine. Figure 9 shows 
the calibration curve obtained. The circuit for 
vertical force also gave an output for horizontal 
loading. This indicated an error in orientation of 
gauges in the circuit. Figure 10 shows the curve 
obtained which was used in the data analysis to obtain 
the correct value of vertical force. 
Ge Wheel reaction transducer. The transducer was effective 
only for axial load. Two simple connectors were fabricated 
in the departmental workshop to simulate the field loading 
condition. The strain gauge circuit of the transducer was 


balanced and kept at a predetermined calibration deflection 
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12 
Calibration - 15 lines (150K resistor) 
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) 1000 2000 3000 4000 5000 6000 7000 
HORIZONTAL LOAD LB. 


Figure 9: Calibration of hitch link transducer sensing horizontal load (draft). 
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Calibration - 15 lines (50K resistor) Ve 


LINES OP DEFLECTION (0.2 cm) 
N 


ss 
1000 2000 3000 4000 5000 6000 7000- 


HORIZONTAL LOAD ON HITCH LINK TRANSDUCER (LB.) 


Figure 10: Correction curve for horizontal loading (draft) on vertical 
force (hitch link) transducer. 
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on the record chart. Load (tensile and compressive) was 

applied by the Baldwin Universal testing machine to 

obtain calibration curves.which are shown in Figures 11 

endart.. 

D. Shank force transducer. The. resultant force acting 

on the. shank was sensed by two separate circuits. Simulation 

of field condition was modified to obtain separate calibration 

curves for horizontal and vertical forces acting on the 

transducer. Location of center of resistance to apply 

horizontal and vertical loads on the sweep was decided after 

considering Clyde's suggestion (obtained through personal 

communication), related literature, and advice of the 

Supervisor. A hook,made to fit at the center of resistance 

of the sweep, was connected by a wire rope to a Dillon pull 

meter and a winch. The shank and sweep unit was placed on 

a square section similar to the cultivator frame and oriented 

in a manner to simulate either horizontal or vertical loading 

condition. Load was applied with the winch and read on the 

Dillon pull meter and as outputs of both circuits on the 

recorder. Figures 13a and13b are the calibration curves obtained. 
3.4 Preliminary Testing of Equipment 

Preliminary testing of the transducers and the inability of 
the tractor to maintain the required maximum speed resulted in some 
modifications and changes in the recording procedure. These were: 

Ge The use of more sensitive galvanometers in draft 


and wheel reaction recording channels to increase the 
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Calibration - 30 lines (150 K resistor) 


TINES OF DEFLECTION (0.2 em) 


0 200 400 600 800 1000 1200 
LOAD LB. 


Calibration of wheel reaction transducer (compressive load). 
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Calibration of shank force transducer. 
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Calibration - 7.5 lines (50K resistor) 


(0.2 cm) 
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RENES  O) eDEF LECT MONE OLE.) 


CO. 2eem) 


20 Calabratton, —.15 lines (50K resistor) 


1s DEF. VS. L 


DEFLECTION (DEF. ) 


734 
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LINES O 


IDE Pion Voces) 


0 100 200 300 400 500 600 
HORIZONTAL (L) AND VERTICAL (V) LOAD LB. 


Figure 13: Top - Strain gauges on horizontal portion of shank, 
Bottom - Strain gauges on maximum curvature of shank. 
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deflection capability for the same input voltage — 
and amplification. 

Ds The provision for reversing the direction of signals, 
if required, to avoid. interference among recorded 
signals. 

3. Reduction in total number of shanks of the test 
cultivator (the tractor was not able to pull the 
cultivator with 13 shanks at maximum set speed 
and depth). 

The measuring device, when tried out in the field, gave a good average 
value at a particular ram setting. The average depth value had good 
repeatability in similar conditions. A large number of trials and 
replications demanded a quick and reliable guide to switch from one 

known depth to another. The hydraulic ram of the cultivator was selected 
for this purpose and the setting for each depth was obtained in the 
laboratory. The ram setting was used as an indicator of depth in the 
field tests. For each depth the ram setting was adjusted accordingly 

by changing a clamp on the cylinder rod of the ram. The depth measuring 
device in fact measured the actual values of a set depth. 

The remaining equipment did not require any changes and worked 

satisfactorily. 
oo) LLeldlesterrocedure 
have Tests with 16-inch low lift sweeps in normal ‘soil. 

A typical field test was carried out as follows: 

Le The tractor and portable generator were serviced for 
fuel and oil and checked. for malfunctioning of the © 


engines. 
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The portable generator was started and the amplifier 

sets of the recorder turned on at least 30 minutes’ 
before the beginning of data collection to allow warm - 
up and stabilization of amplifiers. 

The test cultivator was positioned at the end of 60 ft. 
cables coming from the instrumentation truck. 

A 60 ft. run length was measured along the side of 
cultivator and range poles were placed at both ends. 
Sufficient margin, in terms of distance, was given at 

the start of a.run for the driver to adjust the tractor 
speed and to be ready to measure the time taken by the © 
cultivator to cover this distance. 

The transducers were connected to the recording 

equipment through five 5-pin connectors. All tranducers 
outputs were balanced, calibrated, zeroed, and positioned 
at specified positions on the recording paper. 

The hydraulic ram was set for a predetermined depth. 

The hitch link was connected to the cultivator ina 
predetermined hole (Figure 14) to correspond with the ram 
setting and keep the cultivator level in operation. 

A chart speed of 12 inch per minute and a time-line 
interval of 1.0 second was selected and used for all runs. 
Access to the recorder was closed completely and the 
tractor driver was instructed through a portable "walkie- 
talkie". In turn, the driver indicated when the 
cultivator was just passing the starting and finishing 


poles with respect to a fixed point on the cultivator. 
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Figure 14: Top-Hitch link transducer in operation, Bottom-Wheel reaction 
transducer in operation. 
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10. The instrument truck.was driven ahead and positioned 
at a suitable distance from the cultivator for the — 
Next Pun. 

as After visual inspection the record chart was rolled ay 
marked suitably for reference and cut off to be stored 
away from sunlight for proper chemical processing. 

Aes The depth at ten different places in two rows selected 
at random across the run length was measured and 
recorded for later. use. 

Ss Soil samples were taken for moisture percentage 
determinations. A total of six samples were taken at 


two, four and six inch depths inside the test plot. 


Be Tests with other sweeps and chisel points in normal and 


compacted soils. 

Field testing es carton toed the same procedure as described 
in A. A very high degree of fluctuation of signals was encountered in 
compacted soil. For these tests, the calibration deflections of the 
fluctuating signals were cut down to half, the location of signals were 
changed on the recording paper, and the direction of several signals 
were reversed. Despite these measures the signals were still 
intertwining with one another at higher depths and speeds. The compacted 
portion of the test plot was very limited in area and prohibited 
extensive trials. Consequently only 15.5 inch high lift sweeps and 2 
inch chisel points were selected for trials. 

3.6 Supplementary Tests: 


3.6.1°° Location of center of gravity of the cultivator. 
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Three rows of shanks. 
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The location of vertical longitudinal plane, passing 
through the center.of gravity, was obtained with the ~ 
help of two platform balances placed under the two 
wheels of the cultivator. The cultivator frame was 
adjusted and levelled separately for simulated depths 
of two, four and six mene and for the maximum 
raised position with respect to the cultivator wheels. 
The balances' readings were recorded for each setting. 
By taking the moments about one wheel, the location of 
the plane was obtained. 

To obtain the location of a vertical line passing 
through the center of gravity of the cultivator, a 


platform balance was placed under the hitch. The 


chassis was levelled again at the standard drawbar 


heights used in field trials. The static weight 
acting on the wheels and the hitch were recorded for 


calculation purposes. 


Location of the center of gravity of the following 


combinations of rows. 


(a) 
(b) 
(c) 
(d) 


(e) 


(se) 


First row of shanks, 

Second row of shanks, 

Third row of shanks, 

First and second rows. of shanks, 
First and third rows of shanks, 


Second and third rows of shanks. 


Measurement and calculation of center of gravity of the ~ 
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above combinations followed.the same procedure as described in A. 
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Measurement of soil: parameters. 

Moisture content: Samples: collected in soil samplers (small 
tin cans), about 100 gm. in.weight, were weighed and dried 
in an oven. at hon emis 24.hours. The dry weight of each 
sample and tare weight of the sampler were noted on a data 
sheet. The formula used to calculate the moisture content 


of the soil samples was: 


weight of water 


+ Sis aS Saee Teee Se 
water content (w) weight of dry soil 


sul OO, eee TD 


Bulk Density: The core sampler was driven into a horizontal 
soil surface (selected prior to taking the sample) far enough 
tost: i the sampler," but not’ so far as to compress the soil in 
the confined space of the sampler. The sample was carefully 
removed to preserve the natural structure of the soil. The 
inside cylinder containing the sample was removed from the 
outer cover and the soil extending beyond each end of the 
sample holder was trimmed level with the holder. The inside 
volume of the sample holder had been established previously 
and hence, the sample volume was considered the same in bulk 
density calculations. The water content determination followed 
the procedure as described in 3.6.2-A. The bulk density was 


calculated by the following formula: 


(8) 
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where W, = bulk density (dry basis), mop 


: ; gm 
Woo= wet. unit, weight of a sample ,——, 
Wie es GC 


w = percent of moisture (dry basis). 
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The bulk density for both normal and compacted soils of the test plot 
was obtained four times during the fifty days of data collection. 
Each time a total of ten random samples were collected for both normal 
and compacted soils. The data are included in Appendix B. 
SclOge) Frequency measurement of the shank force transducer. 

The test setup was prepared in the departmental laboratory. 
The transducer was placed on the frame used previously for calibration 
purposes and clamped tightly by U-bolts. The two circuits of the 
transducer were connected to the recorder and amplification and paper 
speed were adjusted to give clear and high peaks of vibration. A 
momentary force (at the center of resistance) was applied separately 
in the horizontal and vertical direcitons, and at an angle to the sweep. 
Signals coming from the two circuits were recorded on a chart and 
stored away from light for proper chemical processing. Particular 
attention was given not to excite other modes. The dominant frequency 
(20 cycles per second) was obtained by counting the number eiecyClesmot 


disturbance per second on the processed chart (illustrated in Figure 15). 
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Figure 15: Record chart showing: Top-Frequency of shank force transducer, 


Bottom-Zero load calibration of two signals (H,C) coming from 
the same transducer. 
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Chapter. 4 | 


RESULTS AND. DISCUSSION 


Analysis of Data: 


Record charts from the ultra-violet recorder were processed 


chemically in the departmental laboratory. The zero location of the 


signals (amplifiers outputs) and calibration deflections were included 


in each chart as reference. Figure 16 shows a photographic copy of an 


analog data sheet. 


Analysis of a typical chart was as follows: 


thy, 


The chart was visually inspected to detect any error 

in recording or processing. The length of chart selected 
for analysis varied according to the depth and speed of 
Getcs ta cun. 

The area confined between the zero line and recorded 

signal (a center line was drawn through those deflection 
signals whose width was large (1-2 lines) due to a-c 
ripple) was measured by a planimeter. Subsequently the 
area was converted into average lines (0.2 cm) of deflection 
for each signal. 

A correction was applied to the vertical force deflection 
value to take into account the effect due to the horizontal 
iOL'Ce. 


The. response (in terms of deflection) of the two sets of 


gauges on the shank force transducer was the resultant soil 


effect. This was divided into vertical and horizontal 


components with. the help of two simultaneous equations. 
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Typical record chart showing signals from transducers: 
(a) cultivator lowered, weight removed from wheels, 
(b) penetration of shovels, return of weight to wheels, 


(c) signals during the run. 
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The equations were: 


A,X+ BY = Ry- ory 3 : Saree ret see ete a sce eee) 
DS BAY = Ro: ° ° e ° ° . . e ° ° ° 2 e e e ° ° e ° ALC MO) 
where (8) Ry and R, are resultant deflections of 
the two circuits, 
(a) A, and A, are coefficients of the 


i. 2 


horizontal component (Xx), 
(1.342) By and. B, are coefficients of the 

vertical component (Y). 
The structure of the equations (No. 9 and 10) totally 
depended on the calibration curves of the transducer as 
described in Section 3.3. 

oy The magnitude and direction of the vertical and horizontal 

forces, and the remaining forces were then obtained from 
their respective calibration curves. 

The depth values obtained with the depth measuring device were 
averaged and the actual speeds of the cultivator were calculated from the 
run length and recorded times. 
thee Experimental Error. 

All field experiments and measurements involving soil parameters 
and human factors are inaccurate to some degree, so that the "actual" 
value ov the "accurate" value of a physical quantity cannot be found. 
However, assuming that an accurate value exists, an estimate of the limits 
between which this value lies. can be obtained. 


The error of observation, which is.the difference between the 


observed value of any physical quantity. and the accurate value, follows 
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no simple law and in general arises. from many causes. Three categories 


of error, which have the highest probability to be present an this type 


of project are: 


A. 


Random errors. These are also called experimental or 
accidental errors. Presence of these types of errors 

is due to errors of judgement in instrument readings, 
fluctuating conditions (such as temperature, line voltage, 
depth, speed, bulk density), and small disturbances. The 
small disturbances might be due to hidden stones, short 
lengths of hard pan in the soil, the shank force transducer 
hitting localized high bulk density spots, mechanical 
vibrations of the chassis, and pick-up of spurious signals 
by the recorder. 

Systematic ee This includes personal errors, 
experimental conditions, imperfect techniques, and errors 
of calibration of instruments. 

Illegitimate errors. Errors of computation, blunders, and 
chaotic errors are included in this category. Most, or 
even all, of these types of errors are always present, at 
least to a small degree. However, these errors are 


avoidable and, hence, were assumed not to be present. 


Presence of systematic error in the experiment cannot be denied but there 


was no way of detecting and subsequently applying a correction to the 


data. Certainly a study of the histogram of values obtained during the. 


experiment was of no help, since the variations in the readings were due 


only to random error, and all the. readings shared the same systematic 


error, if dt -allapresenk. - 
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ie Estimates of Random Error. 


In experimental measurement if q is the correct value of x, 


then, 


where, e is the likely value of absolute error. 


Generally, the error is expressed as in relative or fractional term e 


which is equivalent to = 


A. External estimate of error Ep: The estimate is based on 
the knowledge of the experiment, assessment of 
limitations (such as accuracy in planimetering, accuracy 
with which a signal can be read on the record chart), and 
on the knowledge of this type of experimental work carried 
out by others. Estimated percentage of fractional error 


was as follows: 


(a) Total weight of the cultivator (W) = + 1% 
(b) Horizontal force on the drawbar (P,,) =i G 
(c) Vertical force on the drawbar (P.) aie Wr 
(d) Wheel reaction (We) ay ESA 

(e) Horizontal force on the shank (L) = + 5% 
(+) Vertical force on the shank (CV) = 4°10% 


(g) Rolling resistance of wheels (R.R.) = + 2.5% 
(h) Depth of operation (d) = + 1/2 in. 


a 


oe 


(i) Speed of operation (s) 
(j) Bulk density of the test plot (B.D.) = + 1.5% 

(k) Moisture content (m.c.) = + 2%. 

eee estimate included the variation (random error) within 


a replicate and between. replicates. 
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ihe Internal estimate of error er: Repeated measurements 
do not produce identical values of the quantity being 
measured, and the variation among the measurement allows 
an estimate of the accuracy of collected data. 
Instantaneous variation in the forces measured on 
the chassis was quite high and in some cases was more 
than three times the average value. To obtain an internal 
estimate of error in the forces measured on the chassis, 
repeated values at constant speed and depth were made. 
Effects of moisture content and bulk density were 
neglected, as the runs considered in this sample analysis 
were taken within several hours and in the same plot. 
The range of variation in the moisture content and bulk 
density was not high enough to invalidate this assumption 
and affect the sample analysis adversely. Under the 
circumstances and field setup, replicates at exactly 
constant speed and depth were not possible. Therefore, to 
have an on-the-spot estimate of error in forces, the record 
charts were visually inspected for unexpected variation. 
The average speed and depth were also used as a check on 
the force values. Calculated error in the forces are given 
in Appendix B. 
The difference between the internally and externally estimated 
error was unsystematic. In most of the. cases (out of five cases studied), 


the internal estimate of random error in.the horizontal. force.on the 
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hitch, wheel reaction rolling resistance and horizontal force on the 
shank was either close to or less than the external estimate. A high 
degree of variation was found to exist in the internal estimate of 
error in the vertical force on the hitch and shank. 

The force balance of the instrumented cultivator in the soil 
having two bulk densities and various moisture contents was studied. To 
increase the reliability of results concerning the force balance in the 
horizontal and vertical planes, various combinations of depth, speed, 
and number of rows of shanks were used. 

Equilibrium of forces acting on the chassis were tested by 
comparing the measured and calculated values of the forces on the shank. 
These values were obtained for each speed, depth, cutting unit, and number 
of rows of shanks. Replicates varied from two to five depending on the 
limitations set by the available plot area. 

Simple correlation analysis was carried out on the paired 
data (measured and calculated) to obtain the correlation coefficient (r). 
The hypothesis tested was that there was no difference between the measured 
and calculated values of the forces irrespective of change in speed, depth, 
cutting unit and the number of rows of shanks. Figures 17 and18 show the 
general tendency of the data to approach the zero error line. The 


correlation coefficients calculated for the horizontal and vertical forces 


were:. 
Pio = 0-89, n = 80 
= 0. = 80 
Poy OR a 
where ,. 
Say = simple correlation coefficient of the measured and 


calculated horizontal force, 
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Figure 17: Calculated horizontal force versus measured horizontal 


force on the shank. 
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18: Calculated vertical force versus measured vertical force on 


the shank. 
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Aig = simple correlation coefficient of the measured and 


calculated. vertical force, 


mn = number of sets.used.in the. analysis. 

Significant positive correlation between the measured and 
calculated values of the horizontal and vertical forces indicated that 
the forces acting on the chassis were in equilibrium. The correlation 
coefficient value of the vertical force balance was smaller than the 
horizontal force balance. Figure 18 shows scattering of the plotted data 
which in effect gave a smaller correlation value. This could be due to 
three possible reasons: 

(=) High percentage error in the vertical force on the shank 

as explained in the first section of this chapter. 

(Airis) Equations 

OS SOR eet Mile Wd a Al 6 ae, OS ee ee) 
BiNele SHEP VO SAY GS La les i <5 Ged nepal ee ER) 
used for calculating the vertical and horizontal forces 
on the shank were found very sensitive to the vertical 
force. A small error in H and C values caused considerable 
change in the vertical force. These equations correspond 
to the general equations 9 and 10. The coefficients of 
the equations were obtained from Figure 4. 
(iii) variation between individual shanks and rows. 
44 Soil Forces Acting on Cultivator Sweeps. 

Three forces act on the cultivator in the horizontal plane (a), 

horizontal component of the resultant soil force (ZL), (b) rolling 


resistance of wheels CRIR.)3'(c) anditotal drait (PD. The calculated 


value of rolling resistance did not vary greatly in similar soil conditions 
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(Appendix B; Table B-II).: Therefore,.the governing factors of ZL would 
Chrcct P,, to the same degree. ‘Figure .19 shows the effect of.depth on the 
horizontal component of ie estan soil force (L) acting on a shank. 
The regression lines are the best fit to the data obtained by using a 
15% in. high lift sweep. Prediction eh from the are onet is Jamited 
to the sweeps used in the cppeice™ soil conditions (bulk density 1.05 - 
wkd sivvon’ moisture content 32 - 38%), a5 depth (2.5 -" 6.5 in.) > 
Presence Of error in the data’as indicated in section 4.2.1 may limit the 
extent to which L can be predicted precisely. 

Figure 20 shows the effect of speed on L at three depths. 
Three replicates of each depth were plotted on the same graph to indicate 
the magnitude of variation that was obtained in the field experiment. At 
lower depths the effect of speed was less predominant than at higher depths. 
The dispersion of plotted points was more evident at 4.25 and 6.0 in. 
depths than at 2.5 in.. Figure 20 also shows that replicates at 4.25 and 
6.0 in. depths have low repeatability in comparison to replicates at 2.5 in. 
depth. All limitations of the depth versus L graph are valid for this 
graph. 

The vertical force (V) on the shank had considerable variation. 
Figure 21 shows the effect of depth on V. At depths less than 4 in. the 
direction of V changed from downward to upward. The slopes of the curves 
were high in the V positive (downward) region and low in the V negative 
region. A general conclusion drawn from the graph was that an increase 
in depth increased the downward vertical force on 15% in. high lift sweeps. 
In an attempt to evaluate the effect of speed on v, a correlation analysis 
was performed.on the data. At 2 and 4 fy depths ny meen hs 
coefficients’ were not significant ,. however, ae 6 Sai ee haneacormectien 


between V and speed was high (r = 0.82). Figure 22 shows the regression 
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Figure 19: Horizontal force on shank versus depth. 
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Figure 20:: Horizontal force on shank versus speed. 
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Figure 21: Vertical force on shank versus depth. 
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Figure 22: Vertical force on shank versus speed. 


61 
line of V on speed. at 6 in. depth.. Since there was dispersion of the 
points: plotted a possible error existed. in.the position of the straight line. 
The standard error of estimate was calculated by using the equation by 
Thomas (1963) and the value was 14.8 lb.. The high value of the standard 
error decreased the reliability of the prediction equation (Figure 22). 
However, a general conclusion that an increase in speed increased the 
vertical downward force on sweeps remained unaffected. 

Limitations mentioned in the beginning of this section were also 
applicable to the vertical force analysis. 
4.5 V/L Ratio. 


The study of V/L ratios was undertaken for two important reasons: 


wes To obtain V/L ratios and compare with published values, 
Qi. To study the effect of depth and speed on V/L ratio. 
The V/L ratios obtained are given in Table4.1. A simple correlation 


analysis performed indicated that the correlation between V/L ratio and 
speed was not significant. The correlation between V/L ratio and depth 
was very high (r = 0.98), however, when the data were plotted (Figure 23) 
a straight line did not seem to represent the true relationship. The best 
fit curve for the data was a second degree polynomial (quadratic equation). 
The equation and curve are shown in Figure 23 which are valid under the 
following limitations: 

(a) data collected by using first two rows of the cultivator 

and 154 in. high lift sweep, 

(b) speed range 1.5 - 4.5 mph, 

(c) operational depth panger2.0 = 6.0 >in, 

Cay asoilupanameters §Gi)B moisture content 32 <= 34% 
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The V/L ratios obtained by using a-16 in. low lift sweep were smaller 
than obtained by using 15% high lift sweeps (Table 4.1). In most of the 
cases V/L values were lower in similar’ soil conditions.. The data was 
not sufficient to apply a test of significance but the trend could very 
well be seen from the table. Nichols et al. (1958) found that a change 
in sweep angle changes V/L ratio. This supported the different values 
of V/L ratios obtained by using two types of sweeps of different lift 
angles in this project. 

Conversely, the V/L ratios obtained by using 2 in. chisel points 
(for 4 in depths) were larger than for 15% in. high lift sweeps in similar 
soil conditions. Also, the data collected in compacted soil (bulk 
dedsityel.l6 - 1.17 een) using 15% in. high lift sweeps and 2 in. chisel 
points gave larger V/L values than those obtained in normal soil (bulk 
deusitysl.05 — 1.10 asi | @Table 4.1 )2 Theedata were not suffierent 
to arrive at definite results and required more replicates to establish 
a relationship among V/L ratios, cutting units, and bulk density. 

ihe V/l Gatio obtaimed by Sirohi (iS67)kin chapter 2, pageels © 
was very high (.4 to .5) when compared with the values obtained in this 
project. However, the sweeps used in the investigation were different 
and the tests were’ performéd in soil bins. 
4.6 Vertical Force on the Hitch. 

The study of Py and the factors governing its magnitude was one 
of the primary objectives of the project. Two important areas influenced 


by P,, are (a) weight transfer from implement to tractor and (b) design 


V 


of drawbar and hitch. The following factors affecting the vertical force 


on the hitch were given by Clyde (1970): 
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Tebie isl: V/L ratio. 
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Date. . V/L ratio: Depth: (in. ) Speed mph 
ee ee ee ee ee eee 


Normal soil (bulk density 1.05. — Vo1 eae 
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Table tal: (Continued. 


Date V/ Gepati One Depth (in. ) Speed mph 
9/9/70**% Or O me 4.8 152 
9/9/7088% CLG 4.4 3.24 
9/9/70 8% Oren 4,4 4, 86 


Compacted soil (bulk density 1.16 - 1.17 gm/em) 


10/9/70*8% Oye eee 44 1,54 
10/9/70**%% Ce ad Taal 3.09 
20/8/70%* 0.14 4.3 1.66 
20/8/70%* 07.16 4.2 3.09 
20/8/70% 0. Us 4.5 1.66 
20/8/70* Chto) EP eral 3.24 
Note: w 154 in. high lift sweep. 

| we 16 in. low lift sweep 

week 2 ities Sel point. 


First and second rows of cultivator were used to obtain the data. 
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ie Height and longitudinal position of hitch point. 
2. Magnitude"of EL. 

3: Location and magnitude of EV. 

4, Position and magnitude of W and We 

Ss Rolling resistance of wheels. 


For a balanced cultivator the wheels tend to act as a pivot. Therefore, 


to establish a functional relationship between P,, and ZL, IV, W, and R.R. 


V 


moments were taken about the intersection of the line of action of We and 


Ie From the known geometry of the cultivator, drawbar height (15 in.) 


ut 
and for a given depth of operation (4 in.), the moment equation was 

Po SwOR U2) Di OSEOOERV - WOO [01S -1010°9)0,.. 2 Saeed 

where p = coefficient of rolling resistance. 

The coefficient of rolling resistance in two soil conditions was 0.134 
and 0.054 respectively. For a given total weight of cultivator (2324.5 lb), 
the contribution due to W was only 9.3 lb.. The coefficient of W in 
equation 11 did not change significantly in the 2 - 6 in. depth range. 
Therefore, the effect of W on BP. was regarded as constant for the same 
total weight of the cultivator and soil conditions. Also, the direction 
of ZV changed (upward) in 1.5 - 4.5 in. depth range leading to the change 
in sign of the term containing ZV in equation ll. 
To test the extent to which ZL and ZV determine Pus a multiple 


correlation analysis was performed on 11 sets of data shown in Table 4.2. 


: , 2 : ¢ 
The coefficients of determination (r°) obtained from the analysis were 
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67 
This analysis indicated.that 70% of the variation in PY is due to the 
combined effect of ZV and IL. The data.although not free from random 
error still provided sufficient grounds for the validity of equation 11 . 


Table 4.2. Forces used in the multiple correlation analysis (three 
variables). . 


Py xV LL Depth Speed 
Th iD. ID. Lit. mph 
186.93 -694,2 20723..0 she? 20 
LOS -427.7 28.119 ong 0.90 
LBP -856.7 2104.7 Qremls Quod 
174.9 -390.0 2272.4 Dah 4.10 
155.4 Weis 0) 2823.0 ci) Heed, 
ioe 380.8 2020750 4.0 1.54 
218.4 200.2 2467.4 Soe 1.48 
247.8 23% 0 4561.0 4.3 1.34 
274.2 ees 329270 oe tL 
300.6 HGor.8 4966.0 6.0 2.04 
301.93 257.4 9239.0 6.0 Doane 


Note: The data were collected using 15% in. sweeps and three rows of 
the cultivator. 
; 3 
Soil parameters: Bulk Density 1.01 - 1.05 gm/cm. 


Moisture Content 39 - 47%. 


Weight transfer from implement to tractor. 
h 
Coleman (1969) suggested that the dominant term P== (chapter 2) 
nF 


is the largest contributor to the magnitude of P 
om 
the value of the dominant term (P=) with the measured Pis 
1 


ope Po was corrected for initial conditions. The measured value of P 


v" Therefore to. compare 


the. magnitude 


V 


included the static weight acting on the hitch (Pucy)? There tore. Py - Pst 


= Pub can be compared to. the value calculated from Coleman's dominant 
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term. 
hy, 
From the known values. of the parameters, P and P—— were 
; Vabs d, 
calculated and some examples. are given in table 4.3... Table 4.3 indicates 


that the force obtained from the term suggested by Coleman does not compare 
with Paps" The analysis of error had indicated high fractional random 
error in PY (section 4.2.1) in some cases. But even after applying the 


Correction, the value’ or P were considerably less than pat 4 and 6 in. 


Vabs d, 

depths. 
Table 4.3. Comparison between PU iis and dominant term. 
Iz a 

Vabs- Ps Depth Speed Moisture 

ike ul in. mph Content 

they % 

202.3 343.9 20 0.90 49,1 
ey 249.3 2 2043 LO yesk 
213.4 307.8 2at 4,10 49,1 
TGS Ss) 408.5 4.3 1Lo% 40.0 
PAA heh 408.2 4,2 1.54 40.0 
POSS, 380.3 4.0 1.48 40.0 
OSes) 13703 5. 0396 35.8 
Lod iL, 696.0 amu Zen Shep ste) 
243.0 714.6 6a1 3.42 35.8 


Note: The data were: obtained by using 15% in. high lift sweeps and three 
rows of the cultivator. The average bulk density of the plot was 


1.075 sient) 
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The forces. (W,s R.R.) neglected by Coleman in the calculation of the 


vertical force on the drawbar did not significantly affect the value of 


the dominant term. Therefore,.when. these two types of correction failed 


to explain the wide difference between calculated and measured vertical 


force on the drawbar, it was hypothesized that the difference might be © 


due to the following: 


A. 


"Tractor errecc. on the force transducer. Table 4.3 


indicated that from 4 to 6 in. depth 4 proportionate’ | 
increase in ne ts MUchegvearen thanstrom 2 to Hein. 

depth. Also, in the dominant term hy and d, did not 

change very much as depth ances rere high values 
of rz wore only due to an increase in P. On the contrary, 


the proportionate change in Ess was small and the © 


abs 


depth was not great. Hence the large difference between 


difference between P at 6 in. depth and P. AC mate 


Vabs 


measured and calculated vertical force may have been due to 
a "tractor effect" on the measured vertical force on the 


drawbar. A "tractor effect" on the measurement of Po was 


possible if the tractor drawbar was not horizontal in 


Operation. impthis condition the line vor sacuion pos Py and 


YU RR. Would not coincide which in etrect would) causerd 


bending moment opposite in direction of P This would 


vy" 


result in a lower magnitude of measured P,, than the actual. 


An increase in the drawbar pull results in an increase © 
in weight transfer. from the front wheels to. the rear wheels 
of the. tractor. . At Geli. eter nets ion the Py value © 
i the weight: 


was as high as 5000.1b.: At this value of Pi» 
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transfer from front wheels to rear wheels of the tractor 
would be approximately 1000.1b. and the rear tires would 
deflect and sink in.the ground by 0.25 in. (found in 
laboratory tests). 

Another possibility of the tractor drawbar not being 
horizontal in operation would be due to the digging effect 
of the rear tires. McLeod et al. (1963) have given some 
information about the volume of soil displaced by a 13.6 - 38, 
Cry single tire at 12 and 18 psi inflation pressures. The 
data indicated that the depth of digging at maximum permissible 
load may be as high as 3.5 in. in Lloyd clay (bulk density 
0.96 sine moisture content 21.6%). 

A combination of these effects (tire sinkage plus tire 
deflection) could seriously effect the assumption that the 
drawbar remained horizontal. Also, assuming that the theoretica 
Values of Po calculated by moments are correct, some slack in 
the fitting of the transducer on the drawbar would add further 
to the tractor effect. Some values of Py (measured) and their 
corresponding values calculated by (a) moments about the 
intersection of We and R.R. and (b) by considering the effects 
mentioned above are given in Appendix B. The data substantiates 
the assumption that the vertical force sensed by the transducer 
was not the actual vertical force applied by the cultivator. 
Presence of large systematic error in the data is also one of 


the possibilities. However, the presence of 300% error (at 


6 in. depth) seems rather impossible and inconceivable. 
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An example of extreme variations in the.méasured values. of Pye 


Figure 24. is typical of the. wide variation in measured. value of 


Pie Very large fluctuations in P, usually occurred during large changes 


V 
(+ 20%) in Pu Noelceab le vchanges=also. occurred in Wee Table 4.4 gives 


a second by second time line analysis of the measured forces. 
Dee ine 2h eit eran spe sscene nar P. had a rapid increase while 
Pa was decreasing (time lines 12 - 14) and the highest value of 608 lb. 


was obtained during a decrease in P This is contrary to theory and 


H’ 
further suggests that an external force (from the tractor) was influencing 


the vertical force on the hitch. Additional rapid increases and decreases 


(time lines 14 - 17 and 17 - 20) cannot be explained by a change in Pius 
Note that the value of P. changed from 608 to 101 1b. in two seconds while 


Pa decreased by 600 1b. and We increased by 320 1b. 


If the vertical forces Wo» PY and W are used to calculate LV, 


it becomes evident that (barring extreme variations in the actual ZV) there 
was an external vertical force on the drawbar changing P and Wee The 
calculated value of LV varies from +91.5 @ time line 15 to +277/5 @ time 


line 20. These variations are considered too extreme to be due to soil 


variability alone. 
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Figure 24: Record chart showing extreme variations in Signals. 
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4.7 Wheel. Reaction 

Figure 16 shows ial meES of the wheel. during a test - 
run. The wheels carried the weight of the cultivator when the shovels 
were not touching the ground surface. At the start of the run, (a) the 
cultivator was lowered and the weight carried by the wheels was slowly 
transferred to the shovels, (b) the suction oe and aN See weight © 
of the cultivator caused the shovels to penetrate the soil surface to 
the depth allowed by the hydraulic ram setting. In the process of 
penetration which lasted one to two seconds depending on the speed and 
depth of the run, the wheels regained weight necessary to balance the 
vertical forces on the chassis. 

The magnitude and direction of the wheel reaction were © 
calculated from the diagram shown in Figure 25. Moments were taken about 
point A and the resulting equation was 


pw. W 
=M Ro oak “AG ee Gap ee Sl ° ° ° ° ® ° ° ° ° ° e a Ce) 


A 2 2 
where p = coefficient of rolling resistance, 
We = wheel reaction, 
F = vertical force sensed by the wheel reaction 
transducer. 

With known values of a, b and c, the equation reduced to: 

pe he re eek eee en eee Aro Gm ny ea CES) 

The signal coming from the wheel reaction transducer was found to be the 


least sensitive (with less variation) than the other signals. This might 


have been due to three principal reasons: 
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(GED) less sensitive to eee 
(ii) wheel ground contact acting as a momentary shock 
absorber, 
(iii) combined effect of other forces. 
Four forces were acting on the chassis in the vertical 
plane; 


i Total weight of cultivator (W), 


a wheel reaction CW.) » 
oe vertical force on the hitch (Pi); 
ie vertical force on the shanks (ZV). 


The total weight was constant for any particular run and the remaining 
three varied according to depth, speed, draft, and soil variables. The 
direction of the wheel reaction and vertical force on the hitch was 

upward while the vertical force on the shank changed in direction from 
upward to downward depending on the run. Analysing the effect of wheel 


reaction on the remaining two forces (Py and V), three major cases were 


considered: 
ile We > W 
ott We < W 
Tani We = We 


For Case 1, XV must be greater than Py and act downward; for Case II, XV 
may act either upward or downward but the magnitude of ZV must not be 
V 


greater than P,, when acting upward; for Case III, XV must be equal to P 


and act downward. Examples of three cases. are given in Table 4.5. 
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Papert eos) | Etrect of Py and IV on wheel. reaction. 


Wp (1b) W (1b) EV (1b.) Ee to) 
nnn ee ye. 3 Met nee Re ee 
Case. 1 2266 » 2040.25 427.2 241.9 

2090 2040.25 246.0 200e0/ 
2226 2050525 392.0 242.2 
Case IT 1906 2040.25 =-60.4 88.8 
1926 2040.25 1/26 104.8 
1946 2040.25 107-0 208.7 
1966 2040.25 88.0 by ADeyil 
Case III 2026 2040.25 20 550 225-0 


Examples of the three cases indicated fairly close agreement between the 


expected and measured values of Wood and P to keep the chassis balanced. 
V 
The fractional random error in EV and P., was quite high (section 4.2.1). 


This could be explained by looking at the data of Table 4.5... As expected, 


the magnitude of ZV and P,, is small in comparison with W One percent 


V R’ 


variation in We would require as high as one hundred percent variation 


in ZV and twenty five percent variation in PY if one of the two is assumed 


constant in turn. Normally the situation would be different and Po and 
EV would vary simultaneously. Therefore, the net variation requirement 
of ZV and Po would be either less than or more than the above-mentioned 


values. These requirements must be fulfilled to maintain the equilibrium 


Of forces.in the vertical plane. 
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Figure 925% 
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Force analysis of wheel reaction transducer. 
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Chapter. 5 


OBSERVATIONS. AND. CONCLUSIONS 


The study of a aniline crease mechanics is a 
SSaNEPeensen ke CO .sOll variability. 

ames gered GH ite chassis varied considerably 

in the same ties Of ys O1 ls ean eereste in depth or speed 
increased the deviation of the measured forces from 
their mean values. In rere Helier the vertical force 
acting on the hitch and cutting units varied more than 
three times the. average. 

The correlation analysis performed to test the equilibrium 
of the forces acting on the chassis indicated that in 
approximately 75% of the cases the horizontal forces were 
in equilibrium. However, in only 55% of the cases were 
the vertical forces in equilibrium. This was mainly due 
to a large percentage error in vertical forces acting on 
cutting units and disagreement between measured and 
calculated vertical force on the hitch. 

A moment balance of the forces on the chassis could not 
be obtained in most of the cases. More accurate values 
of all the forces were required. 

An increase in speed or depth increased the horizontal 
component of the resultant soil force. However, an 
increase in depth:had far greater effect than an increase 
in speed. Also at shallow depths the See of speed on 


the horizontal component of soil force was less pronounced 
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The vertical component of the resultant soil force varied. 
directly with. depth. The.data was limited to 2, 4 and 6 

in. depths which did not permit the evaluation of the true 
relationship between.depth and vertical force on the cutting 
unit. However, yee increase in vertical force 
was more at higher depths and speeds. The correlation 
between speed and vertical force was significant only at the 
6 ins) depth: 

The correlation between V/L ratio and speed was not 
Significant. The effect of depth on V/L ratio was highly 
significant and a second degree polynomial (quadratic 
equation) was used to represent the relationship. 

A small increase in the total draft generally resulted 

in a decrease in wheel reaction and an increase in vertical 
force on the hitch. However, a much larger increase in the 
draft had just the opposite effect on the wheel reaction and 
vertical force on the hitch. A large increase in draft 
requirement resulted in RayenSeueeh erase wheel slip and 
wheel sinkage. Ae the vertical force on the cutting units 
increased (downward) causing an increase in the wheel 
reaction and together with the extra wheel sinkage, decreased 
the vertical force on the. hitch. 

The measured vertical force on the hitch was the net effect, 
that is, this inecluded.vertical force due to. the cultivator 


(downward) and vertical force (upward) due to. the angle of 
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drawbar and hitch.. These two forces increased in 
magnitude as draft increased. which resulted in a small 
increase in the measured vertical force at higher depths. 
From the standpoint of weight transfer from cultivator to 
tractor, this phenomenon revealed that the extra weight 

on the rear wheels of a tractor is not obtained when it is 


needed. 
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Chapter. 6 


RECOMMENDATIONS FOR FURTHER WORK 


Based on the results. obtained. in.this study the following 


Suggestions were made for further work: 


Al 


The test plot should be statistically designed to separate 
the interaction effect present due to uncontrolled parameters. 
The test plot selected should be fairly level, uniform, and 
representative of the area. 

At least one strain gauged shank should be used in each row 
of a multi-row cultivator to minimize the chance of obtaining 
non-representative values of vertical force (V) acting on 
CUrLine Uni cS 

Dynamic wheel reaction CW.) should be measured on both 

wheels of this type of cultivator to obtain an average value 
for data analysis. This arrangement would provide a check 


on the wheel reaction and a comparative measure to detect 


an erroneous We 


value given by any one of the two wheels. 

The transducer sensing vertical and horizontal forces on 

the hitch should be corrected for non-horizontality in 
operation. This would take care of non-horizontality produced 
by weight transfer from front wheels to rear wheels of the 
tractor, weight transfer from the implement to the tractor, 
digging effect of rear wheels of the tractor, and some 

slack in transducer-drawbar connection. 

Speed and depth. should be recorded on the go to obtain a 


better average of the depth and speed. A simultaneous 


recording of distance would be helpful in visualizing the © 
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magnitude of acceleration and deceleration because 


of the variation in speed. This would give an idea 


about the inertia effect on the forces. 

Preliminary test runs should be analysed and a complete 
checking of the. forces.should be made by force and 
moment balances before full scale testing. 

More data-should be collected by using 16 in. low lift 
sweeps and 2 in. chisel points (commonly used by farmers) 


in soils of different types and bulk densities. 


_ 1S 
"i - 


D “h Ae . 
| ae _ 
5 ; 7 _ 4 7 
Opis ord on ' tp Hee he nol spot Ome (YO | i. : - 
cma: <a @+ i Hilwe a Tay POaGe at anti smal eat? Bo 7 io 
pec) Qt ee FowTin ee we ee ‘-¥ 
— har bral e< of &ipedkh cart wee renin el wit: iat 
Sir on ae qt é ‘ ad fase hi : rat ot) 7a gn ag ) 


7 


i wrote! owe on lee, GS 

ieyoatian af blooda gant wat Mi ' 

io yt paces) Ledtt .at © Cp aigeeee - 
“ak 


elec 


iloy 


aia 


ee 


UE 


14. 


15. 


REFERENCES 


Anderson, D.T.. 1967. The Cultivation of Wheat, Proceedings of 
the Canadian Centennial Wheat Symposium. 338-341. ; 


Bainer, R., R.A. Kepner. and E.L. Barger. 1955. Principles of 
Farm Machinery. John Wiley and Sons, New York, lst ed., 124. 


Baver, L.D. 1963. Soil Physics. John Wiley and Sons, New York, 
New York (ord. €d,. 022-4235 


Clyde, A.W. 1935. Vertical Hitching of Farm Implements. Agric. 
Engr., 16: 9: 358-360. . 


19386. Measurement of Forces on Soil Tillage Tools. 
iNegautve:s areveroaay. OM Tae SGRe i 


193/55 bocdvotudiesson ii ilage Tools. “Agric.)» finer, 
lyse. lei Toby Poa EN ies 


1944. Technical Features of Tillage Tools. Paper 
No. 466 Journal Series, Pennsylvania Agricultural Experiment 
Station, Pennsylvania, 18-40. 


1970. Personal correspondence, August 10th. 


Coleman, R.N. 1969. International Harvester Company, Hinsdale, 
PLUINOusee Perso al correspondence. June =27th. 


Deonstielo. #o..o.leetilict te. end fh. Willis. 1064, Sol. ito 
Implement Reaction Experienced With Single Tines at Various Angles 
Of Abtac, Jour. Agr. Engin. hes... 9:8) 220=224. 


Fornstrom, KJ. R.D. orazeesand W.H. Jonson, | 1969. li llage 
Toolpinteractilon With a Bounded Artificial Soil. AS VALE. [rans., 


13: 4: 409-416. 


Gill, W.R. and G.E. Vanden Berg. 1967. Soil Dynamics in Tillage 
and Traction. USDA Agriculture Handbook No. 316: 126, 336 - 338. 


Kawamura, N. 1957. Characteristics of Soil Resistance of Various 


Shape Moldboard Plows. Univ. Bul. Ser., Osaka, Japan, B7: 65 - 75. 


Kaburakis i. and M. Kisu. 919693. Studies of (Cutting |Charactenis cn 
of Ploughs. Natl. Inst. Agr. Engin., Eng. Translation 108. 


Kloth, W. 1936. Krafte, Beanspruchungen und Sincherheiten. 
Ribuee Schipitte/l. Berlinyey—i1. 


83 


CS 


Sq OUAR 


ty giriogepei verewyiel to» adivevtntys, sf. Tet Jas 
SPE-BEe tbo teat {elnewsne® mame 


- oi ropa 
80 eafarinerg el | atogind 44) wi fouas ung aad hot eet e% es 
WU be feb gdnot welt , shor orn yal 36 qriet, - yeonlinet 


dita wal aro. . on Sor frtel 7 eAcoymes Lio? .8GRD> ald ised at 
it sae hie gabe bat |, eroY wot ia 


a 


ae ok etre alga neve 4 oc ‘an re ae lgoteaey eet WA shy) mr 
1e-BSE 3¢ 3 ol .. Sand 


ALGO writ tieBono eso7et to toeteuesall Oat my - 


@?@ ST (MM Ope skagen 


» -2S03 «: Eeewa Bifocal sagel be7 TO, Fos ot eel <a 7 


Jek-SiL 38 482 rae 


ve4e1 . e400 eat. ta eeteaeed Wes jai HOR? ae - 
rizacets Leonrvteogags sinter ivenees |, mieeae iste 30 om 


Wal  eiogvlyaiaet yooliss: 9 


» a) - 
my Lenbetet ~OTGE Aby 


fat : ot . ., Bee ; . 
eslaranry vite?) "6Seer ek Legal essosii ec AA -oemele 
IVY acl. , borne ei tm lenooiet .eigaritt 


o+ ji fod #aef eeiliv .l A. Bee ageliae. ce oa ,btottdaasd . 
telsahantlyeV te sek? wlont >? Grae aenguirrsed podionel srigakguk’ ; 
PS2-005 ' , ©oF cho! ,agA saxo) .haTA Zo 


gue! {2"! Wel. ~itheutet oe bob. assed a re | poke n horse 
eemeny .3.A.2.A .ffbe Selo te iees fotiner mn day pork a 
84-900 a 

Ogeli iY al soineastg foe? .veQ geet arene 2] aa Feat: 


oad a age e PS { L aft 5 Pt ¥ toodh ms i wwF ie 


seine 40 sonetataad Lio? te an Vexdasoeonelial 
a ~@ ve  Paqnl : pised vali hie ‘win ent 


} 


A ian 


Ore 


ee 


1536 


oe 


200 


Ne 


Zee 


Zoe 


24. 


ES 


AS 


Dele 


84 


Kostristsyn, A.K. 1956.. Cutting of a Cohesive Medium with Knives. 
and] Cones.) Natl. Inst... Agr. Engin. ; Eng. Translation 58. 


Ruth at. Jasend RD. Wismer*eel960, 4" Perrormance of Plane Soil 
Cutting Blades in Sand. -Paper.No. 69 - 115. Presented to the 


Annual Meeting of the American Society of Agric. Engr., June 22 - 
25 


MacLeod, H.E. 1963. Draft, Power Efficiency and Soil~Compaction 
Chandetentstitcs “Of Single Dualeand’ low-Pressure Tires. A.S.A.E. 
Transactions, 9:.1: 41-44, 


Moller, V.R- 1959.. Draft Requirement and Working Efficiency of 
Rigid and Spring Cultivator Tines. Grundlg. d. Landtechn., Heft 11. 


Nicholeralieinmond) ee wgreced.= 1964. *Soit Dynamics, Vi. “Physical 
Reaction Of Soil to Moldboard Surfaces. Agr. Engim., 15: 187-190. 


purr we reed and CsA. Reaves 07 1958.) Soil Reaction: “Toxbdow 
Shares lestonver Age. PEncinw, 93/286: "S36—-339. 


Payne, P.C.J. 1956. The Relationship between Mechanical Properties 
of Soil and the Performance of Simple Cultivation Implements. Jour. 
Aer mene INSWEReS sus: 820 —0 


Persson, S.P.E. 1967. Parameters of Tractors Wheel Performance. 
ApSeAwt we lrans actions, L0sa3:. 420-493. 


Reaves, C.A., A.W. Cooper and F.A. Kummer. 1968. Similitude in 
Performance Studies of Soil-Chisel System. A.S.A.E. Transactions, 
Hee OOO -00\)), 


Sueohigee. L907 . Similitude Technique Applied to Performance 
Studies of Cultivator Sweeps. Ph.D. Thesis, Auburn University, 
Published by University Microfilms Inc. Ann Arbor, Michigan. 


Thomas M.L. 1963. Correlation and Regression. A Supplement to 
Experimental Methods for Extension Workers. University of 


California Agriculture Extension Service. April. 


Wells, H.G. 1921. World History. Macmillan Company. New York, 74. 


~ 
ka » 


eavinw cb dan neat boa’? ry J brtecha) e ta Lege l 7 ‘ | A 


80 mdtleayl an) 4 arg, eg 


Cine welt. to ségnmeiaas. Pore hom aa ares 
ety.axs hesuegetl Pi ~/6)). of aed tame? nt satela i 
-~ ZY Smhlls)« Rie lek ta ‘yoet pin Tree SL wit? ie bs | Tau 


es 


noc deRerooet tod be vor 42 nave! , Siew sae ae ee 

LA.c.f «err eli wal heté Lei ra efgal? to  iselestoeiwe y. 
indy 8 72 ,enotiosanmat |); 

ps 4) 

7Q 3 iTtal gs i brik eves Sr Pil) ik tisTd . beet HY rot Lem | Ch O*% 

If. gfeh...a0 op! od .ytheuer® esol? qogevitied gabrqe baw Bigen 7 


y | fa2 «Ee, ee 29) Dome VM pelorbee -0f 
1 yA. Bete iety nec. om af Lio to noitosan . a > 


5 ' rf a ; io it ; 2. ab D i 7 bas bid bone 3.1 € 15 
-HUC-BEE cf CG » EB cage engiesd oisde -—— 


ate Po1y r¢ oneak be’ re wh ei q 5 feqgord 6d 4 at Seg! Used: naval fh" 
sol .atnomelcu! nobsgvitls® efught 20 sapkaie edad et)! bal. aee See 


ole E48 et . ae ethgas a rah _ fa 


al - 


dofeqactuel Load! 240tnseT 20 2eavban ist FARE, v2 sania es 
Aaa 4b yfit . RaGE Son atteeT FALZA 


mt ehpdet ints ol, \ You oA," Ber. peer otek shad ,2oveeh 
» & iOLTD mas rT 1 as aN af om. "3s tae tO+[ bog io audbuta ob Miemneret 259 
000-920 22 30L 


O15 penis : ‘a Nob Stal Fubar OY) cary i Rene Teel ‘8 t FOS 

¢ 7 ‘a aru! i er f z ri - at ait i t a aw Wes = vd acess 26 pall! Ae 

oft LAnrh stoatA fT f\ aaa ait: he ee) A yr iasovdat! 

ot 2ueuslgqve. A ,téier=get bin oo lielesa ry 
*o yvotouedenl. , eneeuall ent enced . 

V2 Sotney Ot ae b ane J a8, oH Litoen2g 

bias <asitvie® aivaptell itgA alert 


wt PY, tel na day vd Bangg | Agnes ge 


or 
- 


EL 


ELS 


IV 


VI 


APPENDIX A 


Crue Valorecn ass! Sweets vole, (.0) 5 


° e e a e 


Dimensions of hitch link transducer (including 


arrangement of gauges. to.sense vertical (Y) and 


horizoncal 0X) “fonces sae. 5. 


Dimensions of wheel reaction transducer (including 


aprangement Ofer auges))/ 6.0.16 «02 )- 


° e e @ e 


Cultivator shank showing location of gauges’on: 


(a) horizontal portion and (b) maximum curvature. ... . 


Specifications for cultivator sweep and shovel 


mountings (CSAE Standard: ASAE $225). 


stem two hole sweep, Bottom-Two hole double pointed 


Shove (cotsei DOiut jig t. i. com eum 


Dimensions of sweeps and chisel point. 


Top-Curved 
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85 


Page 
- 86 


87 


88 


89 


90 


che 


7 rain) 


i. 
ye — 7 + © 
BR: nL 


ta - Ne 
= ni; bk 7 
rid Qo ead keoen - 


~ aie 


86 


Unit of measurement - inch. 


A-I: Cultivator chassis. 
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A-V’: Specifications for cultivator sweep and shovel mountings 
(ASAE Standards: ASAE $225). Top-Curved stem two hole sweep, 
Bottom-Two hole double pointed shovel (chisel point). 
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A-VI: Dimensions of sweeps and chisel point. 


15— in High Lift Sweep 
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a= 20 
ish 2 15= in. 
7 on 
a i6 sha 
iy gins 


16. in. Low Lift Sweep 


OS =266aest0e 
a 17° 50! 
ee ey 165 in. 
9 
a= 276 12: 
. s 
h = m ge 


Omin. Chisel Point 


Width. of cut = Zin. 


Radius of curvature - 8 in. 


mere 
+ aks 7 
| >, 


fe | ae. 


» ae? 


. a 
_ritog ioehd hee WgaaNSe 


a 


el 


pel 


IV 


VI 


eZ 


APPENDIX B 

Soma rOper Lessa urs ttre. ce ee See 93 
Forces measured on the cultivator 

with various combinations of rows 

Wena: Megs Teno eelelee Aue ies ooo Gao oe 6 6 5 6 a 6 a 8 OS 
Forces measured on the cultivator 

(first and second rows) using 15% in. 

inelgeley bbe wicvhtYelee Mee Oh Ly OA Me my. piesa he Gea, Seas ee Bs ae ANG SES 
Calculated eee or random error 

Meet emrOnces BdSedr Ones aMp les. ).uesn seem he We is cme ene enh OU 
Correction of Py considering possible 

non-horizontality of the hitch link . 
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B-f: Soil properties. 


Date: . Moisture Percentage At Bulk Density 

2550. 4 in. bein. (dry basis) 
Depths _gm/cm3 | 

a eile Tp al a ic a ec a SSRN oe gra eae enh 

2/7/70% 49.1 47.0 43.4 

2/7/70%% 49.1 47.0 Sint e 1 

6/7/70% 46.0 40.0 38.4 

7/7/70% | 38.3 38.9 40.6 

8/7/70% ala! 37.9 40.7 roy 

9/7/70% 34.6 36.4 38.5 

14/7/70% 38.0 40.6 Filhesf0) 

15/7/70% 8726 38.9 35.8 | 

16/7/70% 39.0 4O. 4 41.9 | 1.05 

17/8/70% 35.4 37.8 39.3 

18/8/70% ey) BT 36.4 

19/8/70% S748 38.0 35.3 

20/8/70** 3258 32.0 30.4 1.16 

21/8/70% 25a 37.6 39.6 

25/8/70% Sue oth 34.0 1.02 

26/8/70% 29.5 s0n Des 

27/8/7088 30.4 33.0 34.1 deg bf} 

9/9/70* 33.4 Soar! 32.6 1.09 

10/9/70** 3255 32,6 3354 1.16 


a 


Note: “* Normal soil plot. 
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Compacted soil plot. 


The field tests were carried. out: at the Ellerslie Research Farm 
of the Department of Agricultural Engineering, University of Alberta. 
The soil of this area is Ellerslie loam.. The test plots were fairly 
representative of the area. The land (summer fallow) was cultivated, 


disced, and harrowed 15 days before the start of field tests. 
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B-L: Contined 


Penetrometer. resistance. . 


Date. Depth.. Percentage Penetration resistance (psi) 
ha Moisture Normal Soil Compacted Soil 
Content RED me Rep Rep.-a laa ehep.. 2 
22/9710 2 30.26" kos 65.0 * * 
uy OZ 652.0 80.0 * * 
6 34.9 IES Osle) 220.0, 305.0 340.0 
8 34.7 262% 5 2IOe0 Pat) ee 322.5 
10 32.7 IES, 10) 25 0 185.0 300.0 
2 oS) 245.0 200.0 Loy 23 Zo26 0 
30/9/70 2 20.0 8250 S200 6G. 3 997.9 
u 38.4 H6.5 40.0 33259 COZ» 
6 33.8 47.5 Eo) 300.0 340.0 
8 S2.0 232.0 2I2e 9 425.0 Shel Oa 
10 oS) Sp eie®) IA Sy es 380.0 2 Ou oo 
12 35.8 PASI) 2 OgaO 30/45) 300.0 
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Note: “§— Data not available. 
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BV Correction of Py considering possible non-horizontality of the hitch 


link transducer. . 


Date: PY Po Po Depth Speed 

(measured) (by moment) (corrected oe BPE 
ib. 1D. for non- 
horizontality) 
They 

25 fra /10 104.8 PEAR) 23070 PAA | 4.55 
18/8/70 | 243.3 399.8 623.0 15,5) 4,53 
19/8/70 300.0 730.0 885.0 Berk DOs 
25/8/70 Tay 193.0 iWiss) 260 Deoe 
18/8/70 ala Op UL 8 Ziti 3.0 os 
19/8/70 NSS) 225.0 229%.0 al 3.24 
Vey sy Ae) 242.0 432.0 Pie G) Seve) 152 
25/8/70 BOZO 684.3 690-0 6.0) 2. Ow 
25/8/70 ZOO su, 462.1 . 439 ,2 4.3 4,26 
25/8/70 208.7 353.8 445.4 4,2 Sts) 
7/8/70 124.0 P Moyles) 266.8 * 1.68 
o/s 10 SS) Aw ALES iPeyiiey * sheers) 
6/8/70 94.1 21073 ELE Gs 1h * 1.66 


a 


te 
< 


- 4 in. depth (by hydraulic ram setting) 


r 
nor sldiweog gerne lame gt te ' 


102 


DeVicmeotarLcewerent of cultivator, 
(Cultivator levelled at 15 in. drawbar height and 4 in. depth) 


Row of Cultivator Weight on Wheels Weight on Hitch Total Weight 


als yes ‘be. Abs 

First row 71320 MOS, 'S ISLS 5 5) 
Second row Lge 47.0 131855 
Third row 1910.0 -37.5 ish 2255 
First and Second 

Rows 1969.5 Vie 2040.5 
First and Third 

Rows PL AWS), Fe) -14,5 DLO2eO 
Second and Third 

Rows PAI ORS -78.0 210250 


Three rows DRS}, 0) -38.5 2320.5 
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